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Abstract. Born as a movement of collective contribution of volunteer 
developers, Open source software (OSS) attracts an increasing involvement of 
commercial firms. Many OSS projects are composed of a mix group of firm-
paid and volunteer developers, with different motivation, collaboration 
practices and working styles. As OSS is collaborative work in nature, it is 
important to know whether these differences have an impact on project 
outcomes. In this paper, we empirically investigate the firm-paid participation 
in resolving OSS evolution issues, the stakeholder collaboration and its impact 
on OSS issue resolution time. The results suggest that though a firm-paid 
developer resolves much more issues than a volunteer developer does, there is 
no difference in issue resolution time between firm-paid and volunteer 
developers. Besides, the more important factor that influences the issue 
resolution time comes from the collaboration among stakeholders rather than 
from measures of individual characteristics. 
1 Introduction 
Open source software (OSS) development is a highly distributed and 
collaborative activity. Stakeholders, who are people involved in software 
development project such as developers, project leader, tester and end-users, 
collaborate with each other in rather informal way than following well-defined 
processes to accomplish a development task. Although OSS was born as a movement 
mainly based on contributions of volunteer stakeholders, an increasing number of 
firms are getting involved in OSS projects [21][31]. Lakhani et al. found that around 
40% of programmers are paid by companies to contribute to OSS projects [24]. Hars 
and Ou obtained similar results in a survey on the developers of the Linux kernel 
[29]. Nowadays, many open source projects contain both types of stakeholder (firm-
paid and volunteer), which have different motivation, collaboration practices and 
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working styles. For instance, firm-paid developers contribute to the OSS community 
as part of their jobs, which provide them financial motivation. In addition, they often 
also work on proprietary software since it constitutes a part of the business model of 
their sponsor firm [2][9][25]. They also have to learn the ways of the community and 
adjust to the rhythms and the demands of OSS development [2]. In contrast, 
volunteer developers are usually motivated by social or technical reasons to 
demonstrate or improve one’s technical skills [9][25].  
Literature has revealed several studies investigating the potential differences 
among firm-paid and volunteer developers in OSS projects [2][21][24][29][31]. 
While these studies are important, we claim that such differences are only 
meaningful if they have an impact on the OSS project outcomes such as quality of 
the source code, productivity of developers and activeness of the community. In this 
context, one of the important indicators of OSS project outcomes is the software 
issues resolution time. A software evolution issue (or software issue) is normally 
referred as a unit of work to accomplish an improvement in the system. Dealing with 
a software issue includes fixing defects, implementing new feature requests and 
enhancing current system features. The frequency and time needed for issues 
resolution can indicate the activeness of the OSS project. With the large amount of 
issues that occur from time to time, resolving them in a cost-effective manner is 
essential to achieve a high user satisfaction with less working effort.  
Besides the impact of some special characteristics of a stakeholder (in the issue 
resolving process, they are usually reporters and assignees), the issue resolution time 
can be influenced by collaborative working process among reporters and assignees. 
Pinzger et al. mention the Coordination theory in OSS, which state that the 
interaction among stakeholders can impact software quality (such as mean time 
between failure) and work performance (such as defect removal effectiveness and 
problem fixing time) [30]. In the issue resolving process, stakeholders often use 
electronic media such as mailing lists, IRC and issue tracking systems to discuss, 
comment and clarify about a task [23][26]. The collaboration among stakeholders, 
such as discussion, instruction and clarification on an issue, is important to the 
completion of the issue-resolving task.  
This study has three main objectives. First, we characterize the difference in the 
average amount of resolved issue and issue resolution time between a volunteer 
stakeholder and a firm-paid stakeholder. To best of our knowledge, there is no study 
that empirically investigates the influence of volunteers versus firm-paid developers 
on issue resolution time. Second, we investigate collaboration among stakeholders in 
OSS projects by using Social network metrics and analysis. Last, we explore the 
impact of the collaboration measures on issue resolution time. While there are 
several studies using Social network metrics investigating software quality (as 
described in Section 2.1), this is among the first attempts to apply these metrics on 
studying issue resolution time. 
The rest of the paper is organized as follows. Section 2 presents a construction of 
stakeholder collaboration measure using Social network analysis (SNA). While 
Section 3 states our hypotheses, Section 4 describes our case study and data 
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collection procedure. Section 5 provides the hypotheses testing results. Section 6 
discusses the findings and Section 7 identifies the threats to validity. The paper ends 
with a conclusion and future works. 
2 Stakeholder collaboration measure by social network analysis 
(SNA) 
2.1 Impact of collaboration on software development 
As shown in Table 1, there are several studies exploring the impact of 
collaboration on software development outcomes. Bettenburg et al. studied the 
impact of social structure on software quality and find a statistical relation between 
communication flow between developers and users and post-release defect [6]. 
Abreu et al. investigated the Eclipse project and found a statistically significant 
positive correlation between communication frequency between developers and 
number of injected defects in the software [1]. Bird et al. showed that the socio-
technical network of software module and developer are able to predict if an entity is 
failure prone with greater accuracy than other methods [7]. Wolf et al. formed a 
developer-task network to explore the impact of developer communication on 
predicting a build integration fail [32]. Pinzger et al. constructed a developer-module 
network to predict the software failures [30].  
More relevant to our focus are studies about relationship between developer 
collaboration and fixing/ resolution time of an issue. Feczak et al. empirically 
validated the coordination theory in open source projects and found that 
collaboration among stakeholders, measured by social network metrics, has positive 
relationship with the reciprocal time to fix a software defect [14]. Anbalagan et al. 
explored the relationship stakeholder participation information in predicting defect 
correction time and found a significant correlation between number of participants in 
defect report and median time taken to correct it [2]. Guo et al. used collaboration 
measure to predict which defect will get fixed and concluded that the more people 
who take an interest in a defect report, the more likely it is to be fixed [16]. In these 
studies the collaboration is based on a network of developer and quantified by SNA 
metrics. 
2.2 Issue-Stakeholder network measures 
Social network analysis (SNA) views social relationships in terms of network 
theory, studying network nodes, ties and measures relationships and flows between 
people, groups, organizations, other connected information/knowledge entities [15]. 
Similar to formularized networks in [1][6][7], we construct an undirected graph to 
represent a network of issue-stakeholders. The graph employs two types of nodes: 
stakeholders and issues. The possible stakeholder is a reporter (who reports the 
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issue), an assignee (who is assigned to resolve the issue) or a commenter (who 
comments or discuss about the issue). An edge represents one of relationship types 
between a stakeholder and an issue, such as an issue report, a report update, a 
comment on the issue and an issue assignment.  
 
Table 1: Studies about collaboration 
Studies Dependent 
Variable 
Collaboration  
Variable 
Exploring 
Method 
Test 
Results 
Bettenb
urg et 
al. 
[6] 
No of post-
released 
defects 
Participant reputation 
(number of message 
contributed) 
Multiple linear 
regression 
model in one 
dataset 
Increase 
predictive power 
of prediction 
model 11.66%  
Abreu et 
al. [1] 
Number of 
changes 
Number of message in 
mailing list  
Number of message from 
high-centrality-degree 
developers 
Spearman’s 
correlation 
R = 0.1 to 0.45 
p < 0.001 
R = 0.06 to 0.16 
p < 0.05 
Bird et 
al. [7] 
Post-released 
defect 
proneness 
Developer-component 
network measures, e.g.: 
centrality degree 
Release-cross 
Multiple 
Logistic 
regression  
Recall: 0.705 to 
0.859.  
Precision: 0.747 
to 0.827 
Wolf et 
al. [32] 
Build failure 
likelihood 
Developer-developer 
network measures: 
density, centrality, 
betweenness and 
structural holes 
Bayesian 
classifier 
Recall:0.62, 
Precision: 0.75 
Pinzger 
et al. 
[30] 
No of failure No of authors, no of 
commits, networks 
measures – Freeman 
centrality degree and 
betweenness 
Spearman 
correlation 
Multiple linear 
regression 
model 
R= 0.503 to 
0.747, p<0.01 
R2= 0.698 to 
0.746 
Andrew 
et al. [5] 
Vulnerability 
of a file 
Betweenness measures, 
number of developers 
and number of commits 
Mann-
Whitney-
Wilcoxon 
(MWW) test 
Higher values 
for vulnerable 
file,  
p<0.0001 
Feczak 
et al. 
[14] 
Reciprocal 
Time to Fix 
Stakeholder network 
measure – Freeman 
centrality degree 
Spearman 
correlation 
R = 0.13 to 0.35 
p <0.05 
Anbalag
an et al. 
[2] 
Defect 
resolution 
time 
Number of unique 
participants 
Spearman 
correlation 
R = 0.22 
p < 0.0001 
Guo et 
al. [16] 
Likelihood 
of fixed 
defect 
Defect opener reputation, 
number of defect report 
editors and assignee 
Chi square test 
Correlation test 
p < 0.0001 
Not reported 
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Figure 1: Issue-stakeholder network in issue resolution 
To establish the issue-stakeholder network, we use the social network analysis 
tool, called ORA1. The most common measure in SNA is centrality, which denotes 
the structural power position of a node in a given network. There are three centrality 
measures in SNA, namely Freeman degree centrality, closeness and betweeness. In 
the scope of this study, we investigate Freeman centrality degree since this metric is 
successfully applied in relevant studies as in [14][30][32]. In our network, the 
Freeman degree centrality of an issue represents the number of unique stakeholders 
that are involved in the issue. The higher centrality degree an issue is, the more 
stakeholders work on it (reporting, commenting or resolving it). For example, in 
figure 1, more stakeholders handle issue 3 than other issues. Therefore, Issue 3 has 
higher centrality degree than other issues. The centrality degree of an issue is 
calculated as in Formula 1: 
( )( )
1
d iGd i
n
=
−
   (1) 
with d(i)  is the node degree of a issue, 
n is the total number of stakeholders and issues 
Similarly, the Freeman degree centrality of a stakeholder is the number of issues 
directly linked to the stakeholder. We also want to explore whether stakeholder 
centrality has an impact on issue resolution time. For each issue, we calculate the 
accumulative stakeholder centrality degree (Cs) as a sum of centrality degrees of all 
involved stakeholders, as in Formula 2: 
( ) ( ) ( ) ( )Cs i Gdass i Gdrep i Gdcom i= + +∑    (2) 
with Gdass(i), Gdrep(i) and Gdcom is the centrality degree of assignee, 
 
1
 http://www.casos.cs.cmu.edu/projects/ora/ 
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reporter and commenter correspondently.  
Illustrated by Figure 1, the Freeman centrality degree of Stakeholder 2 is 5/11 and 
the degree of Stakeholder 3 is 1/11, which shows that Stakeholder 2 involves in more 
issues than Stakeholder 3 does. Issue 3’s centrality degree is 3/11 and accumulative 
stakeholder centrality degree is 7/11. 
3 Research hypotheses 
In our context, a firm-paid stakeholder is an assignee or a reporter that works for a 
commercial company that uses and contributes to the development of an OSS 
project. We observe that many firm-paid assignees are also main contributors in 
developing the OSS product. While these core project members have significant 
contributions in developing the software [12], we would like to know whether they 
significantly contribute to resolving issues in the software evolution phase. 
Therefore, our first hypothesis is that: 
H1: The stakeholder’s centrality degree of a firm-paid assignee is higher than 
those of volunteer assignee. (Null hypothesis: there is no difference in distribution 
of stakeholder centrality degrees between firm-paid and volunteer assignees). 
Since firm-paid assignees also include the core members of the projects, they are 
assumed to have more knowledge and experience in developing the OSS product 
than peripheral members do [12]. Therefore the time should be different for the 
group of volunteer assignee and the group of firm-paid assignees. Our second 
hypothesis is that: 
H2: There is a difference in mean issue resolution time between firm-paid and 
volunteer assignees. (Null hypothesis: there is no difference in mean issue 
resolution time between firm-paid and volunteer assignees). 
An issue with many stakeholders involved might relates to many different 
software modules or different development tasks. Therefore, the complexity of such 
issues is higher and thus, it takes the assignee longer time to resolve. Our third 
hypothesis is that: 
H3: The higher number of stakeholders gets involved, the longer the issue 
resolution time is. (Null hypothesis: there is no correlation between the number of 
stakeholders involved in an issue and the issue resolution time). 
A larger number of comments and discussions on an issue may be caused by 
problems on the issue description (which leads to confusion or dissensus among 
stakeholders) or by the complexity of the resolving task and could lead to longer 
resolution time. Our last hypothesis is that: 
H4: The higher number of message exchanged in an issue, the longer the issue 
resolution time is. (Null hypothesis: there is no correlation between the number of 
message exchanged in an issue and the issue resolution time). 
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4 The case study 
4.1. Projects Context and Selection 
Three OSS projects were selected for our study, namely Qt, Qpid and Geronimo. 
The reasons for selecting these projects were: (1) these projects are active and 
ongoing for at least 4 years, which ensure the scale of the datasets; (2) there are 
similar issue tracking system used in these projects, which facilitate the data 
collection; (3) these projects are similar in business domain and technical level, 
reducing the variability of the results, and, (4) these projects are significantly 
influenced by firm-paid developers, which enable the investigation of the impact of 
stakeholder types. 
Qt is an Open Source cross-platform framework developed by Qt Development 
Frameworks (Nokia) based on the programming language C++ and offering common 
components such as networking, OpenGL, multimedia and a widget toolkit2. Qpid is 
an cross-platform Open Source enterprise messaging system developed around the 
open standard Advanced Message Queuing Protocol (AMQP), implemented in both 
C++, C#, Python, Ruby and Java3. The project originated from a joint venture mostly 
consisting of code by Red Hat, Iona and JP Morgan. Geronimo is a server runtime 
framework that pulls together the Open Source alternatives to create runtimes that 
meet the needs of developers and system administrators and open-source, Apache-
licensed4. The project originated from IBM developers. 
4.2. Data collection and preprocessing 
All the issues are collected from the JIRA repository5 of the respective projects. 
The summary of datasets was performed as described in Table 2, with the main, 
owner firm of each project, the time frame of the issues collected for analysis, the 
total number of issues, number of developers and reporters of issues (people that 
collaborated with the project during this period), the total number of issues in the 
repository and the total number of issues that we used for our analysis.  
Table 2: Issue collection from cases study 
Info.\ Projects Qt Qpid Geronimo 
Main Firms  Qt (Nokia) Red Hat, JP Morgan IBM 
Time Frame 11/03-12/10 
(85 months) 
9/06-12/10 
(51 Months) 
8/03-12/10 
(87 Months) 
Number of Stakeholders 1568 126 405 
No of issues 16818 3016 5697 
No of selected issues 9921 2278 4787 
 
2
 Qt project - http://qt.nokia.com/ 
3
 Qpid project - http://qpid.apache.org/ 
4
 Geronimo project - http://geronimo.apache.org/ 
5
 JIRA–bug, issue and project tracking system, http://www.atlassian.com/software/jira/ 
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Issue resolution time was computed based on the created time field and the issue 
resolved time field. We excluded the issues that are not possible to calculate the issue 
resolution time, the issues that did not have the reporter or assignee information 
(stated as unassigned or unknown), and issues with invalid stakeholder information 
(as described below). Some outliers were also taken out by an outlier detection 
function implemented in the R6 package. The classification of stakeholder type (firm-
paid or volunteer) was manually executed by searching stakeholder name and 
professional information on the Internet. The stakeholder is classified as firm-paid 
when: (1) the stakeholder name and company name is explicitly provided in the OSS 
project, (2) the stakeholder’s company information is found in social networking site 
such as Facebook, LinkedIn, Xing and personal blogs, (3) the stakeholder’s email 
has a private company domain. For stakeholders with frequent changes of 
occupation, the stakeholder company profile in this study is determined as the 
company one worked during the time one contributed to the OSS project. After 
collecting stakeholder information, we synchronized the stakeholder name and alias 
to avoid replicated data. Table 2 describes the total number of stakeholders that 
involve in the OSS projects in the time period that data are collected. Collaboration 
information was extracted from the issue tracking system and the mailing list of OSS 
projects using a Perl script. For each issue, we collected comments, edits on the issue 
report and issue-related messages from the project mailing list.  
4.3 Descriptive statistics 
Table 3 presents the distribution of reported issues by stakeholder types in Qpid, 
Geronimo and Qt correspondingly. We observe that stakeholders from Redhat and JP 
Morgan in Qpid (53.6% of reported issues) and stakeholders from IBM in Geronimo 
(60.8% of reported issues) are the ones reporting the majority of issues. Surprisingly, 
the largest amount of reported issues comes from volunteer reporters (44.9% of 
reported issues) in Qt. This difference can be explained by the large amount of end-
users involved in the Qt project, who directly report their problem, in the issue 
project tracking system. Table 4 shows the distribution of resolved issues by 
stakeholder types. As expected, most of the issues are resolved by developers from 
the hosted company such as Redhat and JP Morgan (62.4% of resolved issues) in 
Qpid, IBM (71.6% of resolved issues) in Geronimo and Nokia (62% of resolved 
issues) in Qt. 
Figure 4 shows box plot charts of issue centrality and issue-based messages in 
the three projects. In Figure 4a, we observe that most of issues are touched by 1 to 3 
stakeholders, other than the reporter. In Figure 4b, the average number of issue-based 
messages is similar among three projects. We see that common number of message 
exchanged around an issue in three projects are from 0 to 4 messages, slightly vary 
among projects. 
 
6
 The R Project for Statistical Computing - http://www.r-project.org/ 
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Table 3: Firm-contribution in reporting issue 
Type Qpid Geronimo Qt 
Individual 453 (19.9%) 1205 (25.0%) 4452 (44.9%) 
Other company 605 (26.5%) 683 (14.2%) 1124 (11.3%) 
Main Firms 1220 (53.6%) 2919 (60.8%) 4345 (43.8%) 
Total 2278 (100%) 4787 (100%) 9921 (100%) 
Table 4: Firm-contribution in resolving issue 
Type Qpid Geronimo Qt 
Individual 252 (11.1%) 401 (8.4%) 2463 (24.8%) 
Other company 604 (26.5%) 956 (20.0%) 1315 (13.2%) 
Main Firms 1422 (62.4%) 3420 (71.6%) 6143 (62.0%) 
Total 2278 (100%) 4787 (100%) 9921 (100%) 
 
  
Figure 4a, b: Descriptive of issue centrality and issue-based messages 
5 Hypotheses Testing Results 
5.1 H1: The stakeholder centrality degrees of firm-paid stakeholders are 
higher than those of volunteer assignee.   
Due to the fact that stakeholder centrality degrees are not normally distributed as 
observed from histogram and descriptive statistics, we used Wilcoxon rank-sum test 
[13].  
Table 5: Resolution time of volunteer vs. firm-paid developers 
Projects Median centrality of Firm-paid 
Median centrality of 
Volunteer Significance level 
Geronimo 0.0169 0.0049 p=0.0014 
Qpid 0.0114 0.0057 p=0.0251 
Qt 0.0131 0.0024 p=0.0014 
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All the tests are performed using the statistic package R with alpha = 0.05. The 
null hypothesis H1, which stated that there is no difference in stakeholder centrality 
degree between firm-paid and volunteer assignee was investigated with a one-tail 
test. The results are shown in Table 5. In all cases, the median values of centrality 
degree in the firm-paid groups are significantly higher than those in the volunteer 
groups. In particular, the number of issues involved by a firm-paid stakeholder is at 
least two times higher than ones involved by volunteer stakeholder in all projects. 
The p-values in all tests allow us to reject the null hypotheses in all projects. We 
accept the alternative hypothesis that the centrality degree of firm-paid stakeholders 
is higher than one of volunteer stakeholders. 
5.2 H2: There is a difference in distribution of issue resolution time between 
firm-paid and volunteer assignee. 
The distribution of issue resolution time between firm-paid assignee and 
volunteer assignee is shown in Figure 5. From the graph, we notice that the 
difference between these two groups in Qt and Qpid is very small. In Geronimo, 
there is a slightly higher difference in distribution of issue resolution time between 
firm-paid and volunteer assignee, but the high standard deviation could make this 
insignificant. To test whether there is a difference in issue resolution time between 
firm-paid and volunteer developers, we also used the Wilcoxon rank-sum test. 
The null hypothesis H2, which stated that there is no difference in issue 
resolution time between firm-paid and volunteer assignee was investigated with a 
two-tail test. The results are shown in Table 6. We observed that in three cases, the 
test with Geronimo data revealed a significant difference in resolution time between 
two groups while those with Qt and Qpid data did not. Therefore, the null hypothesis 
was rejected only in Geronimo dataset at significance level 95%. In Qpid and Qt, we 
accept the assumption of the null hypothesis. 
Figure 5: Issue resolution time (days) between volunteer and firm-paid 
stakeholder 
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Table 6: Resolution time of volunteer vs. firm-paid developers 
Projects Median resolution 
time by Firm-paid 
Median resolution 
time by Volunteer Significance level 
Geronimo 10 18 p= 0.0000 
Qpid 23 17 p= 0.1653 
Qt 102 101 p= 0.4911 
5.3 H3: The higher number of stakeholders gets involved, the longer the issue 
resolution time is, and H4: The higher number of message exchanged in 
an issue, the longer the issue resolution time is 
We performed a pair-wise correlation analysis among number of message, issue centrality 
degree, sum of stakeholder centrality and issue resolution time. The correlation matrixes for 
Qt, Qpid and Geronimo projects are shown in 
Table 7, Table 8 and Table 9 respectively. The mark “**” represents a significance 
level at 0.01. Referring to Hopskin interpretation of value of correlation coefficient 
[22], the correlation between number of task-based messages and issue resolution 
time is significant at minor level in Qt, Qpid while it is at moderate level in 
Geronimo. The correlation between issue centrality and its resolution time is at a 
minor level for Qt and at a moderate level for Qpid and Geronimo. Besides, the 
correlation coefficient between stakeholder accumulative centrality and resolution 
time is slightly higher than the one of issue centrality. All of these correlation 
coefficients are significant at level 0.01, which let us reject the null hypotheses for 
H3, H4 and accept the alternative ones. It is noticed that among three variables, the 
accumulative stakeholder centrality degree has the largest correlation coefficient 
with issue resolution time in all projects. 
 
Table 7 - Pairwise correlation for Qt 
 No of 
mess. 
Issue 
centr. 
Sum. Stak. 
centr. 
Resol. 
time 
No of mess. 1 0.413** 0.460** 0.125** 
Issue centr.  1 0.213** 0.172** 
Sum. Stak. centr.   1 0.262** 
Resol. time    1 
 
Table 8: Pairwise correlation for Qpid 
 No of 
mess. 
Issue 
centr. 
Sum. Stak. 
centr. 
Resol. 
time 
No of mess. 1 0.569** 0.423** 0.243** 
Issue centr.  1 0.199** 0.310** 
Sum. Stak. centr.   1 0.331** 
Resol. time    1 
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Table 9: Pairwise correlation for Geronimo 
 No of 
mess. 
Issue 
centr. 
Sum. Stak. 
centr. 
Resol. 
time 
No of mess. 1 0.491** 0.382** 0.416** 
Issue centr.  1 0.251** 0.303** 
Sum. Stak. centr.   1 0.409** 
Resol. time    1 
6. Discussion of Results 
Table 10 summarizes the results described in the previous section for each 
hypothesis. Concerning hypothesis H1, the statistical test results accept the 
hypotheses in all cases, which show the centrality degrees of firm-paid stakeholders 
are significantly higher than those of volunteer stakeholders. This result characterizes 
the distribution of labor between firm-paid and volunteer stakeholders. It indicates 
that in the issue-resolving process, a firm-paid stakeholder involves in much more 
issues than a volunteer stakeholder does. 
On testing hypothesis H2, the issue resolution time varies between firm-paid and 
volunteer stakeholders only in one out of three investigated projects. Therefore, we 
can conclude that the stakeholder type is unlikely an influenced factor on issue 
resolution time. The data suggests that while volunteer and firm-paid developers 
participate in OSS projects with different motivation and working approaches, these 
differences do not have an impact on their issue resolution time. 
In the result for H3 and H4, the correlation tests reveal a significantly positive 
correlation between collaboration measures, such as number of message, number of 
involved stakeholder and issue resolution time. It implies that the high collaboration 
level in an issue, e.g. high number of messages exchanged or high number of 
involved stakeholders indicates a longer resolution time. This may be due to the 
complexity of the task that relates other issues or software modules; or that the poor 
quality of the issue description leads to demands of explanation and discussion. 
However, we are aware that the result of correlation analysis doesn’t imply cause-
effect relationship due to the effect of compounding factors. To validate the provided 
hypothesis, a further regression analysis is necessary. From the results, we also 
observe that there is significant positive correlation between issue centrality and 
number of messages exchanged. This observation was expected as the larger number 
of stakeholders involved in an issue (i.e. editing the reports or commenting on the 
issue) clearly leads to the increasing of number of comments or report edits. 
Therefore, these two variables should be checked for compounding factors if they are 
both used in regression models.  
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Table 10: Results of Hypotheses testing 
Hypotheses H1 H2 H3 H4 
Test Mann 
Whitney U 
Mann 
Whitney U 
Spearman 
correlation 
Spearman 
correlation 
Geronimo Accept Accept Accept Accept 
Qt Accept Reject Accept Accept 
Qpid Accept Reject Accept Accept 
7. Threats to validity 
One potential threat of the study lies in the division of stakeholders as volunteer or 
firm-paid. Although there is a major amount of stakeholders whose affiliation are 
found, there are still some stakeholders with no company information. However 
vague stakeholders are responsible for a very small portion of issues in general. 
Therefore, the uncertainty in this stakeholder group would not significantly influence 
the results. Another main concept is collaboration, which is measured by the number 
of comments, messages and number of issue-involved stakeholders. Although 
collaboration between stakeholders can be done via other channels, such as IRC, 
Skype and face-to-face discussion, issue tracking system and mailing list are the 
most common discussion means and the most relevant discussion about an issue 
should be found here. The other concern in the data collection process is the quality 
of the issue report since the data can be randomly filled in and the occurrence of 
duplicated reports. However, the quality of report is also an included factor in this 
study since it might influence the issue resolution time. 
Another threat to validity comes from the generality of the research findings. As 
in many empirical studies of OSS projects, few case studies are definitely not 
significant enough to generalize what we found to the population of OSS projects. In 
this study, the cases were thoroughly selected to represent for an active, medium-size 
and on-going OSS projects.  
Confounding factors is an unavoidable threat in a correlational study. The high 
correlation between number of messages, number of stakeholders and issue 
resolution time can be caused by a latent variable, not investigated in this study, such 
as complexity of the issue, or dependencies among issues. Therefore, this concern 
could be a subject for a future investigation. 
8. Conclusion and future work 
In this study, we investigated the impact of different types of OSS stakeholders and 
their collaboration on issue resolution time in three medium-size and ongoing OSS 
projects. The statistics test result provides some interesting findings for practitioners 
in OSS development as well as OSS researchers. First, we observed that in firm-
involved OSS projects, there is not only a large portion of firm-paid labor 
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contributed on the projects, but also a higher workload on a firm-paid developer than 
one on a volunteer developer. However, we did not find a difference in issue 
resolution time between volunteer and firm-paid developers. The result contributes to 
understanding the distribution of workload and resolving time among volunteer and 
firm-paid developers. 
Second, while there is not enough evidence to show the relationship between a 
stakeholder as an individual and issue resolution time, we found a significant impact 
of collaboration among them on issue resolution time. Particularly, the issue with 
fewer stakeholders is resolved faster than the one with more stakeholders. The issue 
with less comments and messages are also resolved faster than the ones with more 
comments. For practitioners, these metrics can be integrated in the issue tracking 
system or defect repository to provide a recommendation for issue resolving process. 
Particularly, the collaboration information collected overtime will enable developers 
being aware of which issue is going to take longer time to resolve. For researchers 
who want to integrate collaboration measure in software quality or productivity 
prediction models, they should be aware of not only of the usefulness of number of 
involved stakeholders, number of exchanged messages but also the compounding 
effect between them. 
The paper contributes to fill in a gap in the literature by providing an empirical 
investigation of firm-paid participants and their cooperation with others in OSS 
projects. The findings were supported only by descriptive statistic and correlation 
analysis and further work should employ regression analysis to validate these 
findings. The study is also limited by the use of simple SNA metrics, such as the 
centrality degree. In future, we will explore more SNA metrics to integrate into the 
model. Besides, the findings are based on only three projects, so the analysis should 
be replicated with more datasets to generalize conclusions on OSS community. 
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